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Method for Enriching Adherent Monocyte Populations 
Stephen J. Wagner, Andrew Myrup, Christina Celluzzi, Blood & Cell Therapy 
Development, American Red Cross Biomedical Services Research and Development, 

Rockville, MD 





Field of the invention 

The mvention relates to mettiods and apparatus for isolating monocytes from 
blood using non-woven filters. The invention can be performed in a completely closed 
system and under aseptic conditions throughout. It is both n^id and efficient compared 
5 with existing methods. The resulting monocytes are highly activated, and demonstrate a 
high level of plasticity such that they can be differentiated into various lineages without 
the use of exogenous cytokines. 
Background of the invention 



10 therapy agents. In culture, and with the addition of the sqppropriate cytokines, monocytes 
can differentiate into other clinically usefiil cells such as activated 
monocytes/macrophages (1-10), dendritic cells (11-15), endothelial-like cells (16-21), 
osteoclasts ( 22-23), and microglial cells (24). For example, monocytes/macrophages 
have been utilized for the experimental regeneration of central nerve tissue, the clinical 

IS treatment of chronic wounds, and adoptive immunotherapy. In animal models, 

monocytes/macrophages pretreatedby exposure to damaged, regeneration-competent 
peripheral nerve imparts to macrophages the ability to promote the experimental 
regeneration of transected optic nerve (1) and spinal cord (2). Phytohemagglutimn 
stimulated allogenic mononuclear cells have been locally applied to venous or arterial 

20 ulcers m patients, resulting in accelerated granulation, qiithelialization, and a greater 
likelihood of complete closure compared to untreated controls (3). Subcutaneous 
administration of allogeneic activated adherent monocytes/macrophages into the healthy 
tissue surrounding wounds promoted wound repair and closure in a murine system (4) 



Monocytes are an important leukocyte subset for potential clinical use as cell 
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and in patients with decubitus ulcers (5,6). Monocytes have also been cultured in 
autologous serum and recombinant gianulocyte/maciophage-coloiqr stimulating fector to 
promote differentiation mto macrophages, which have been subsequently activated wifli 
interferon gamma and ottier agents to produce maciophage-activated killer QSAAK) cells 
5 forihe treatment of cancer (7-10). Monocyte derived dendritic cells are being 

extensively investigated as professional antigen presaiting cells and are being used m the 
laboratory in cellular-based vaccines for infectious diseases and aie in use clinically for 
flie treatment of cancer (1 1-15). 

Non-filter methods for monocyte isolation- 

10 Th^e are several methods for the isolation ofmonocytes for clinical use. Large 

numbers (>1 X 1(f) of highly pure monocytes (>90%) can be isolated by density gradient 
sedimraitation followed by countarflow centrifugal ehitaiation of mononuclear cells 
collected by qiheresis (25). Those cells are somewhat activated immediately following 
isolation, but become quiescent after overnight incubation in a defined media (26). 

15 However, no closed sj^tem elutriator has yet beai developed for straile monocyte 
isolation. Alternatively, large numbers of monocytes (>1 X 10*) can be purified by 
performing a continuous density gradient sedimentation to isolate mononuclear cells 
followed by either a continuous or discontinuous density gradient sedimentation to 
separate monocytes fiwm lymphocytes (27,28). However, tiie technique requires two 

20 gradioits, discontinuous gradients can be difScult to prepare, and die procedure is not 
easily carried out in closed systems. Monocytes have also been isolated by permitting 
attachment of cells derived firom osmotically shocked huify coats to the polyvinyl 
chloride polymer and plasticizers of blood containers (6). CeUs isolated by adherence to 
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blood container plastic are activated with or without osmotic shock, and have been shown 
to seorete pro-inflanunatory cytokines during culture (29»30). While this technique can 
be performed in a closed system, it typically produces relatively small numbers of cells 



5 of adherent monocytes from osmotically shocked bufil^ coat has been reported. Another 
disadvantage is that non-filter methods are time consuming and often require more than 
two hours to complete the isolation procedures. Therefore, there is a clinical need for the 
development of methods for sterile and TBpid isolation of adherent monocyte preparations 
containing large numbers of cells that can be cryopreserved. Such preparations would 

10 facilitate flie logistics of conducting clinical trials, including dose-ranging studies. These 
clinical applications might include the use of monocytes/macrophages for the healing of 
chronic wounds, the administration of endothelial cells for healing of chronic wounds, the 
use of endothelial cells for supplying new vessels to support repair of damaged heart 
tissue, the use of dendritic cells for the preparation of infectious disease or cancer 

IS vaccines, tibie use of osteoclasts for fhe control of pathological conditions resulting in 
. excess bone formation and atherosclerosis (31), and the use of microglial cells to remove 
damaged central nervous tissue. 



20 woven filt^ used to dqplete leukocytes from blood and blood components. For 

example, leukocytes, including neutrophils, eosinophils, lymphocytes and monocytes, 
were recovered from a leukocyte depletion filter by Chong and coworkers by 



(<5 X 10^: 



) compared to elutriation methods. In addition, no method for cryopreservation 



Filter methods for monocyte isolation: 



One source of leukocytes from which monocytes might be derived is from non- 



backflushing with cold, anticoagulant sodium citrate solution (32). One disadvantage of 
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such a method^ however, is that many of these leukocyte reduction filters bind platelets, 
which are released upon backflushing the filter and thus contaminate the final product. 
Platelets can mterfere with the further culture of monocytes to dendritic cells, osteoclasts, 
and endothelial cells. 

S Ebner and colleagues utilized blood leukocyte reduction filters as a source of 

leukocytes along with two additional non-filter purification processes to eventually 
culture monocytes into dendritic cells (33). In that study, the authors used density 
gradient centrifiigation to remove neutrophils and T-cells rosettmg with sheep 
erytiirocytes to remove residual red cells as a means to isolate monocytes fiom a 
10 leukodepletion filter. 

An advantage of using filters as a source of leukocytes is that large quantities of 
monocytes can be aseptically collected with little contamination by red cells, platelets, 
and plasma. Additionally, filtration methods afford especially high quantities of 
activated monocytes. Activated monocytes exhibit pluripotency and can be cultured and 
1 5 diff^ntiated into numerous other lineages including dendritic cells, macrophages, 
osteoclasts, endothelial cells, and microglial cells. Activated monocytes also secrete 
greater quantities of cytokines associated with inflammation and dififercntiation. Such 
activated monocytes also display dendritic cell surface markers earlier during culture than 
monocytes collected by other methods. 
20 Non-woven filters such as are used in cord blood filters or stem cell filters can be 

used to concentrate monocytes from blood component mixtures. These monocyte 
adhering filters preferentially bind white cells over plasma, platelets, and red cells; and 
preferentially bind monocj^es over lymphocytes or granulocytes. Other examples of 
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monocyte adhering filters include whole blood leukoreduction filters, which also bind 
white cells preferentially over plasma, platelets, and red cells. As used herem, the term 
monocyte*adhering filter refers to a filter that will pass about 90% of the red cells in a 
blood component mixture, and about 75% platelets, yet retains at least about 75 to 100% 

5 monocytes, about 20 to 80% lymphocytes, and 10 to 50% granulocytes* A blood 

component mixture is any mixture derived from blood or blood products that includes 
leukocytes, and in particular monocytes. 

An example of a monocyte-adhering filter is a commercially available non-woven 
filter of superfine polyethylene terephthalate fibers coated with about 97% 2- 

10 hydroxyethyl methacrylate and about 3% JV^AT-dimethylaminoettiyl methacrylate. (SCF 
System, Asahi Medical Corp.) (34). Such filters pass about 90% red cells and about 75% 
platelets, while retaining at least about 86% monocytes, about 74% lymphocytes, and 
about 31% granulocytes. 



15 shear conditions, it is possible to recover greater than 80% of the CD34+ cells in a blood 
component mixture as well as about 80% of cells with longterm culture initiating cell 
(LTC-IC) activity. Stem cells and monocytes isolated firom backflushing the filter were 
still contaminated with substantial numbers of lymphocytes and neutrophils; therefore, 
preparations still contained low percentages (10%) of monocyte subpopidations (34). 

20 Existing filtration collection me&ods suffer several disadvantages. They require 

additional purification to adequately enrich monocytes for potential clinical use. Most, if 
not all, of the purification methods are difficult or impossible to carry out in a closed 
system, making maintenance of sterility a problem in producing clinical grade cell 



Using a backflush solution of Dextran-40 solution and serum albumin under high 
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preparations. Similarly, most purification procedures require more than two hours for 
completion, making the isolation process costly and time consuming. 

There is a need in the art for apparatus and methods that provide rapid means for 
differentially separating white cell subpopulations firom the filter itself, and that avoid the 
5 need for additional separation and sterilization techniques. This would provide means for 
the sterile isolation of large numbers of monocytes in a closed system with adequate 
purity. The resulting cells could be used directly for cell Iherspy, or cultured in closed 
systems for use by those skilled in the art for differentiation into macrophages, dendritic 
cells, osteoclasts, endotheUal-like cells, or microglial cells, and could subsequently be 
10 used in cellular therapeutic procedures. 
Description of Preferred Embodiments 

The methods and apparatus of the preset invention enable the selective isolation 
of great quantities of monocytes that are in a highly activated state. The invention further 
affords a rapid and efficient means for concentrating monocytes in a closed, aseptic 
1 S environment The monocyte populations resulting firom the present invention possess 
high levels of plasticity (pluripotency) and demonstrate high rates of differentiation. 
Moreover, higfh rates of differentiation can be achieved witiiout use of exogenous 
cytokines such as GM-CSF and IL-4. 

The filtration process of the present invention is conducted in several stages. See 
20 Figure 1 . Those stages include: 1) filtering a blood component mixture rich in monocytes 
through a monocyte-adhering filter thereby binding monocytes, lymphocytes, and 
unbound residual plasma, red cells, and platelets; 2) chasing the blood component 
mixture through the filter with a physiological solution such as saline or culture medium 
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to remove unbound residual plasma, red cells, and platelets; 3) backflushing the filter 
with a physiological solution such as saline or culture medium to remove loosely bound 
lymphocytes; and 4) backflushing the filter with a physiologically compatible viscous 
solution such as Dextran-40, hydroxyethyl starch, and polyethylene glycol. 
5 As used herein, the temi physiological solution means any isotonic buffer 

solution. Prefeired examples include saline, culture medium, and the like. The 
physiological solution of step 3 should be above about 30°C, and is preferably about 
37^C. 

As used herein, the term physiologically compatible viscous solution means any 
10 natural or synthetic polymer that is physiological to cells and viscous. As used in this 
method, the physiologically compatible viscous solution is a vehicle for imparting hig^ 
shear to the surface of the filter. Preferred examples of such solutions include Dextran- 
40, hydroxyethyl starch, polyethylene glycol, and the like. A particularly preferred 
example is a Dextran-40/albumin mixture. Preferrably, the solutions used in this 
15 backflush step are chilled, and should be below about lO^C and preferably about 1 -6^C. 

The apparatus of the present invention includes a blood filter system modified to 
effect the tran^ort, filtration, and elimination of blood and other fluids entirely within a 
closed, aseptic system. See Figure 2. Within the system is a chamber bisected by a non- 
woven monocyte-adhering filter having anterior and post^or sides. The chamber is 
20 constructed such that the two sides of the chamb^ are in fluid communication only 

through the filter itself A biological fluid such as blood can be introduced to the portion 
of the chamber in fecial conomunication with the anterior side of the filter, and the initial 
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filtrate exits and is collected in a receptacle in fluid communication with the portion of 
the chamber in fecial communication with the posterior side of the filter. 

The system includes various air-tight fluid communication means. The fluid 
communication means are constructed such that they create a hermetically sealed system 
with the chamber enclosing the monocyte-adhering filter. The fluid communication 
means are fiuther constructed with closures such as valves, stopcocks, clamps, and/or 
other fluid connectors that reversibly isolate the fluid communication means fiom the 
other fluid communication means and/or the chamber contaming the filter. 

An embodiment of the invention inchides a system comprising a closed, air-tight 
fluid communication means for introducing a fluid, such as a biological mixture, to the 
anterior side of the filter, and another for removing the filtrate from the posterior side of 
the filter. The system optionally includes a third fluid communication means for 
effecting the aseptic intioduction of additional fluids at flie posterior side of die filter, and 
for applying pressure to effect backflow of such fluids fiom the posterior to flie anterior 
side of die filter. The system oi>tionany has yet another fluid communication means fi>r 
removing the backflow fiteate from the anterior side of tiie filter. 

The non-woven filter is selected such tiiat flie filter material preferentially binds 
monocytes over plasma, platelets, and red cells. 

One preferred embodiment of tiie present invention provides an apparatus for 
effecting aseptic collection of monocytes comprising: a) a chamber bisected by a 
monocyte adhering filter having an anterior and posterior side; b) a first fluid 
communication means for intaoducing a fluid to the chamber on the anterior side of flie 
filter, c) a second fluid communication means for removing a filtrate fiom flie chamber at 
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the posterior side of the filter, d) a third fluid communication means for introducing a 
fluid to the chamber at the posterior side of the filter, e) a fourth fluid communication 
means fi>r removing fluid &om the chamber on the anterior side of the filter; and wherein 
each of the fluid communication means can be ind^endently isolated ftom fluid 
5 communicatian with the chamber and ttie other fluid communication means. 

The use of the foregoing apparatus in the process of the present invention will 
now be described in more detail. 

In the first step, a blood component fliat is rich in monocytes, such as buffy coat 
or cells firom a mononuclear apheresis collection, is passed thru a blood filta: that 
10 preferentially binds white cells over plasma, red cells, and platelets. A preferred filter is 
a non-woven filter such as the above-meutioned coid blood filter that binds monocytes to 
a greater extent than lymphocytes or granulocytes. A blood component rich in 
monocytes is connected to a closed tube leading to die inlet side of the filter using a 
sterile connecting device. The integral tubing exiting the filter joins a blood container 
15 that is used to coUect the filtrate waste containing high levels of contaminating red cells, 
plasma, and platelets. 

In tile second stage, residual plasma, red celte and platelets tiiat are retained 
within tiie filter but not bound to it, is removed by passing or chasing a physiological 
solution, such as saline or a defined cell medium, through tiie filter. The removal of 
20 unbound plasma, red cells, and platelets is important for the success of subsequent culture 
of the purified monocytes to other cell types. For example, monocytes are typically 
cultured m medium tiiat does not contain plasma in order to avoid clotting caused by 
Ca++ present m media. Platelets and red cells, for example, need to be removed because 
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they can interfere with the adherence of monocytes to polystyrene and other surfaces that 
is necessary for the differentiation of monocytes into dendritic cells, osteoclasts and 



bifurcation of the tubing leading to flie filter and ending with a bag of saline or media or a 

5 closed, sterile seal to which saline and media can be joined using a sterile connecting 
device. Control of the flow of monocyte rich cell suspension or physiological chase 
solution is accomplished by use of clamps surrounding the tubing at the bifurcation point 
The amount of saline or defined medium should range between 50 and 200 mLs with the 
preferred amount being 80-120 mLs. 

10 In tiie third stage, primarily non-monocytic adherent cells, or lymphocytes, are 

removed by gently backflushing the filter with a physiological solution, such as saline, at 
a low shear rate and at about physiological temperature. Preferably, the physiological 
solution is employed in this step at about 30-40^C, and most preferably about 37^C. This 
backflushing step can be accomplished by having two additional tubes entering each side 

15 of the exit part of the filter, or alternatively by using tubing comiected with existing 

tubing and valves or clamps, comiected to the anterior (inlet) and posterior (outlet or exit) 
part of the filter, respectively. See Figure 2. A bag of saline can be added to one of the 
tubes by a sterile docking device, and backflush can be initiated by gravity flow of the 
solution, making sure that tubing clamps are closed in the tubing leading to the filter and 

20 exiting into the waste receptacle or container. Alternatively, a backflush saline b^ can 
be integrally connected to the filter system. In a further alternative embodiment, a 
syringe containing sterile saline and having tubing connected to its nozzle end can be 
substituted for the backflush saline bag and associated tubing. 



endothelial cells. The addition of saline or defined medium in step 2 is facilitated by a 
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The preferred amount of saline is 50 to 200 mLs with the optimal amount of 
saline backflush being 80-120 mLs, Using a syringe, the operator must take care to 
slowly backflush the saline through the filter. At the other end of the exit side of the 
filter, a tube leadmg to a bifiircated tube and two backflush collection bags ace used to 

5 collect flie cell suspension team step 3, and in a later backflush step (step 4), the 

monocyte enriched firaction. Each of these bifurcation tubes contains a clamp to control 
fluid flow into the backflush collection bags. 

In a fourth stage, primarily monocytes are removed by rapidly backflushing the 
filter with a cold (preferably l-e^'C) solution of Dextran-40 and serum albumin at a high 

10 shear rate. This can be accomplished by connecting a syringe containing Dexlran-40 and 
serum albumin solution and having a closed, sealed tubing connected to its nozzle, which 
can be connected to the backflush tubing using a sterile connecting device. The amount 
of Dextran-40/albumin solution should range between 50 and 200 mL's, with a prefeired 
amount being 80-120 mLs. 

15 In summary, the above 4-step method for isolation of monocyte preparations fiom 

mononuclear apheresis units or bufify coats by filtration has several advantages over 
current methods, such as the potential to be carried out in a closed system, the ease of 
performing a simple, 4-step procedure integral to the filter, and the ability to isolate large 
numbers of activated monocytes ( «5 x 10^ monocytes/»l X 10^ total leukocytes) within 

20 2 hours. 

EXAMPLE 1 

Monocytes were collected using a mononuclear apheresis procedure. Thirteen 
apheresis units were collected. Each unit contained 100 mL of £q>proximately 5 X lO' 
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mononuclear cells and 1 X 10^ monocytes. Each unit was sterile docked to a cord blood 
collection filter (Asahi Medical Coip.) and the mononuclear suspension was allowed to 
pass through the filter. When 80-90% of the mononuclear suspension had passed through 
the filter, the filter was then gently backflushed wifli 50 mL of 37**C saline twice. The 
5 filter was then strongly backflushed using 50 mL of 1-6°C Dextran-40/albumin twice. 
Isolated white cells from the 1-6°C backflush firactions were characterized for monocyte 
purity, monocyte recovery, viability, and phagocytosis. 

Cell viabiUty was measured by standard microscopic methods (Nikon Labophot) 
using a 30 pM propidium iodide /20 ^iM acridine orange stain in phosphate buffered 



witih plentifiil cytoplasm and segmented nuclei with 2-5 lobes were scored as 
15 granulocytes, while cells with round or oval nuclei and scant cytoplasm were scored as ' 
lymphocytes. 

Phagocytosis was measured by using 0.9 ym diameter yellow fluorescent beads 
(Pharaiingen, San Diego, CA). Briefly, cells were centrifuged at 300 X g for 10 minutes 
and resuspended in 20% autologous serum/EUPMI (without neutral red, BioFluids, 
20 Rockville, MD) to give 1.5 x 10^ leukocytes/mL. The suspension was incubated at ST'^C 
for 30 minutes in 5%CQ2/air. Following incubation, 1 mL of beads in RPMI without 
phenyl red (optical density: 0.6 A at 480 imi) were added, mixed, and the resulting 
suspension incubated at 37°C for 1 hr. The nuxture was then stained with a 54 jiM 
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saline. 



Cell populations w^e determined by fluorescent microscopy using acridine 
orange stained cells. Cells containing ample cytoplasm and containing round, oval, 
notched, or horseshoe-shaped nuclei without segments were scored as monocytes, cells 
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acridine orange solution in RPMI, and the percentage of monocytes containing beads 
were scored by microscopic examination. 

In Table 1» data are given regarding the characteristics of cells recovered from the 
Dextran*40/albiimin backflushes performed at 1*-6^C. 



5 Table 1 



Total WBC fiom backflushed filter 


1.0X10' 


Total monocytes from backfliished filter 


4.8 X 10» 


% monocytes recovered 


43.3% 


Monocyte purity (%) 


46% 


Phagocytosis (%) 


48% 


viability 


96% 



This example illustrates that high levels of viable and functional monocytes with purities 
appTOBcldng 50% can be isolated by flie abovementioned process. This 4-step filter 
method recovers greater than 10-times more cells with similar purities than what is 
10 typically recovered using the osmotic shock adherence method for monocyte isolation 
(6). 

EXAMPLE! 

Eight monocyte preparations &om Example 1 were subsequently cryopreserved. 
A suspension of 2 X 10^ monocyte/mL was added to an equal volume of cold 
15 HES/DMSO/albumin to the monocyte/macrophage preparation according to standard 
methods (17). Final concentrations of the cyroprotectants were 6% hydroxyethyl starch 
(McGaw Inc, Irvine, CA), 5% dimethylsulfoxide (Cryoserve, Research Industries Corp., 
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Salt Lake, UT), 4% human serum albumin (American Red Cross, Hyland, CA). One-mL 
aliquots were aseptically transferred to cryovials and surrounded by 1 inch styrofoam 
insulation and fix>zea in a -80^C mechanical freezer. 

Following frozen storage, cryovials were rapidly thawed in a regulated heating 
5 block at 37± 3®C fr>r 8 ± 1 minutes. Thawed preparations were maintained on ice until 
use. Thawed preparations and prefreeze preparations were analyzed for viability, 
phagocytosis, and monocyte purity as described in Exanqple 1. 

Table 2 



(% ± std dev) 


Pre-freeze 


1 month frozen storage 


ViabUity 


95.5 ± 5.1 


93.4 ±6.5 


Phagocytosis 


52 ±13 


48 ±15 


Monocytes 


49 ±12 


42 ±10 



10 This example illustrates that monocytes isolated by the abovementioned process and be 
successfully cryopreserved with maintenance of viability and function. 
EXAMPLES 

EndofheUal-like cells can be cultured from monocytes isolated from a cord blood 
filter. A monocyte preparation was isolated by filtration of an apheresis unit fix>m 
IS Example 1. Cells were then processed according endothelial culture techniques as taught 
by Hebbel and colleagues (35). Cells were centrifuged and resuspended in EGM-2 
medium (Clonetics) containing 5% human AB serum, and approximately 10^ cells were 
plated into a well of a cell well plate coated with either collagen or fibronectin (Becton- 
Dickinson). Cells were incubated at 37**C with 5% CO2. The following day, non- 
20 attached cells and medium was removed by aspiration and replaced with firesh medium. 
Medium was subsequently changed every one to two days. 
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Once cells were nearly confluent, they were passed into additional fibronectin or 
collagen coated wells or flasks by washing the cells with Hank's balanced salt solution 
twice and then incubating with 0,5X trypsin plus 1 mM EDTA for two minutes. The 
trypsin was neutralized by adding human AB serum to a final concentration of 20%, and 
subsequently 2 additional mL of EGM-2 medium. Cells were centriftiged and 
resuspended in EGM-2 medium and plated on additional fibronectin or collagen coated 
flasks. 

An image of cultured cells is shown in Figure 3. The cells shown in Figure 3 
have morphologies identical to those shown by Hebble and colleagues (See Reference 35, 
Figure 5). Therefore, monocytes isolated ficom a Slt&c axe citable of diffi^entiating into 
endotheUal-like cells under impropriate culture conditions. 
EXAMPLE 4 

Dendritic cells (DCs) can be cultured firom the cells isolated firom filters using the 
method outlined in Example 1. Monocyte preparations isolated firom the filter were 
centrifiiged and resuspended in CellGro (CellGenix, Germany) dendritic cell growth 
medium. Cells were placed La a 25 cm^ polystyrene flask and aUowed to adhere. Cell 
adherence was measured at 55.6 ±5.9%. Non-adherent cells were removed. Adherent 
cells were examined for their ability to develop into DCs. Cells were cultured with GM- 
CSF and TLA (25 ng/mL) on day 0 and with and without TNF (30 ng/mL) on day 4. 
TNFa is typically added to promote DC maturation. In addition, cells were cultured in 
media alone to determine if the filtration process stimulated the release of cytokines 
capable of supporting DC differentiation or maturation. Finally, adherent cells were 
cultured in the absence of GM-CSF and IL4 but in the presence of TNFa. 
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Table 3 shows tibe inflanunatory cytokine production of adherent cells isolated 
fiom the filtCT and subsequently cultured in CellGro without exogenous cytokines. 
Cytokines were measured by the Cytometric bead array System (BD Biosciences, San 
Diego, CA). 



5 Table 3 



Tnflatnitiatfwy cytokme production of filter-selected cells placed in media alone 
(pg/ml, n=3 per timepoint, ± std dev) 


# days in 
media 


TL6 


IL8 


0 


36 ±51 


351 ±69 


1 


5,366 ±758 


77,349 ±28,393 


4 


5,945 ± 2,460 


119.575 ±21,458 


5 


3,352 ±4,739 


31,024 ±43,144 


7 


5,466 ±2,251 


72,304 ±58,395 


9 


4,432 ±1,383 


61,010 ±44,602 


(7-day 
ficoll- 
selected 
standard) 


121 ±49 


11,032 

1 



Filter-selected cells placed in serum-free media continue to produce very high levels of 



IL6 and IL8 compared to ficoll prepared control monocytes up to at least 9 days in 
10 culture (Table 3). As shown in Table 3, these levels ofIL-6 and IL-8 are not produced 
from monocytes isolated by density gradient (ficoll) techniques. These endogenously 
produced cytokines, may be responsible for the differentiation of monocytes to DCs 
without the exogenous addition of GM-CSF and IL-4, or for the maturation of DCs with 
TNF-a (without GM-CSF and IL-4) to produce DCs with superior stimulation index (as 
IS seen in Table 4 below in this example). 

Cxiltured cells were also assayed for their ability to stimulate a mixed lymphocyte 
reaction (MLR). DCs cultures from Example 4 were cultured with lymphocytes and 
assayed for ^H-thymidine uptake in DC-stimulated, allogeneic, dividing lymphocytes. In 
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addition, the stimulation index for autologous DCs was det^mined by assaying for 
thymidine uptake of autologous dividing lymphocytes stimulated by DCs in the presence 
and absence of Ibe antigen, tetanus toxin. The stimulation index is defined as the ratio of 
the ^-fliymidine iqptake measured in the presence of antigea divided by ^-thynudine 
uptake measured in the absence of antigen. Results for the mixed lymphocyte assay and 
the stimulation index are ^ven in Table 4. 

Table 4 



Added Cytokines 



# days 
culture 




MLR 



Stimulation 
Index 



•..2^^ 



m L^mm^ '^M<m ^^^^^ 



GM + IL4 + TNFa 



20,513; 22,509 



1,1 



GM + IL4 + TNFa 



11,992 ±3,005 



7±3 







1^ ^4,6^^.^.4^ 



Only TNFg 



8,403; 20,711 



15, 16 



Only TNFg 



6,673 



63 



These results demonstrate tiiat DCs can be cultured teem monocyte preparations isolated 
10 from a filter by a 4-stage process. Based on MLR and stimulation index results, 

fimctional DCs can be prepared without the requirement of exogenously added cytokines. 
This was an imexpected result. Furthermore, there is some evidoace that DCs with a very 
high stimulation index can be prepared by culture with TNF-a, but without GM-CSF and 
lL-4. Again, this result was not anticipated. 
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WHAT IS CLAIMED IS: 



1. A method for isolating monocytes comprising: 

a) filtering a blood component mixture rich in monocytes through a monocyte- 



adhering filter; 

b) chasing the blood component mixture through the filter with a physiological 
solution; 

c) backflushing the filter with a physiological solution; and 

d) backflushmg the filter with a physiologically compatible viscous solution. 

2. The method of claim 1 wherein the monocyte-adhering filter is a non-woven filter 
that passes about 90% of the red cells m a blood component mixture, and about 75% 
platelets, yet retains at least about 75 to 100% monocytes, about 20 to 80% 
leukocytes, and 10 to 50% granulocytes, 

3. The method of claim 1 wherem the monocyte-adhering filter is a non-woven filter of 
superfine polyethylene terephthalate fibers coated with about 97% 2-hydroxyefliyl 
methacrylate and about 3% iy;iV-dimethylamiaoethyl methacrylate. 

4. The method claim 1 wherein the physiological solutions of steps b) and c) are 
independently selected &om the group consisting of saline and culture medium* 
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5. The method of claim 1 wherein the physiological solutions of steps b) and c) are at 
about 37^C. 

6. The method of claim 1 wherein the physiologically compatible viscous solution 
comprises a solution selected from the group consisting of Dextran-40, hydroxyethyl 
starch, and polyethylene glycol. 

7. The method of claim 1 wherein the viscous solution is a Dextran-40/albumin mixture 
at about 1-6^C. 

8. An apparatus for effecting aseptic collection of monocytes comprising: 

a) a chamber bisected by a monocyte-adhering filter having an anterior and a 
posterior side; 

b) a first fluid communication means for mtroducing a fluid to the chamber on flie 
anterior side of the filter; 

c) a second fluid commimication means for removing a filtrate from the chamber 
at the posterior side of the filter, 

d) a third fluid communication means for introducing a fluid to the chamber at the 
posterior side of the filter; 

e) a fourth fluid communication means for removing fluid from the chamber on 
the anterior side of the filter; and 
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wherein each of tiie fluid conimmiication means can be mdependently isolated 
from fluid communication with the chamber and the other fluid commtmication 
means. 

9. The apparatus of claun 8 wherein the monocyte-adhcring filter passes about 90% of 
the red cells in a blood component mixture, and about 75% platelets, yet retain at 
least about 75 to 100% monocytes, about 20 to 80% leukocytes, and 10 to 50% 
granulocytes. 

10. The apparatus of claim 8 wherein the monocyte-adhering filter is anon-woven filter 
of superfine polyethylene terephthalate fibers coated with about 97% 2-hydroxyefhyl 
methacrylate and about 3% A/;2V-dimethylaininoethyl methacrylate. 

1 L The apparatus of claun 8 wherem the monocyte-adhering filter passes about 90% red 
cells and about 75% platelets, while retaining at least about 86% monocytes, about 
74% lymphocytes, and about 31% granulocytes. 
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ABSTRACT 

The present invention provides methods and apparatus for the rapid and efficient 
collection and purification of activated monocytes. The methods and apparatus of the 
present invention provide means for effecting the collection and purification in an as^tic 
environment. The method involves filtering a blood component mixture through a 
monocyte-adhering filter; washing the blood component mixture; backflushing the filter 
with a physiological solution; and backflushing the filter with Dextran-40/serum albumin. 

} 
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FIGURE 1 



Stage 1 

Filter monocyte-rich blood component 

(filter contains bound monocytes and lymphocytes and unbound residual 
plasma, red cells and platelets) 



Stage 2 

Chase saline or medium through filter 
(r&nove unbound residual plasma, red celb and platelets) 



Stages 

Backflush (he filter with 37*^0 saline or medium 
(removes primarily ymphocytes loosely bound to the filter) 



Stage 4 

Backflush Uie filter with l-e'^C DeKtran-40/albumin 
(removes strongly bound cells including monocytes and lymphocytes) 



FIGURE 2 
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